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Part I - Introduction.
It has been a long well-known fact that certain articles of
food, upon standing, acquire a scum or mould on th?ir surfaces, and
that this scum is nothing more than a congregation of certain bac-
teria. Fruit juices and other sugar solutions become turbid, a gas
is evolved and a precipitate is formed, while at the same time a
layer of yeast forms on the surface of the liquid. This change in
the constitution of the substance has been found to be due to the
decomposition of the sugar in the liquid to alcohol and carbon diox-
ide. This change of course affects the value of the substance as a
food, and naturally a great many different attempts have been made to
prevent the growth of these bacteria and the resulting effect on the
solution. Substances known as preservatives have been discovered
which will in part accomplish this purpose, and it is to the action
of these that our work is devoted.
It may first be well to take up the action of the different
moulds with which the fermentation of the common articles of food
are involved. These are the yeast moulds and the penicilliiua glaucum.
The yeast cells are perhaps the more important , be ing present in all
places where alcoholic fermentation is taking place. They are compar-
atively large in size, and they have a very characteristic manner of
growth in that a peculiar process of budding takes place. Each indi-
vidual cell contains a cell-wall or membrane, inside of which is held
protoplasm, vacuoles and various other contents of which the most
important is the cell nucleus. The latter are quite sensitive to
staining liquids and it is by this means that the cells are examined
for their vitality. Moulds, too, like other living things require
certain things to live upon; potassium, magnesium, calcium, iron,
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sulphur, phcsphorus and nitrogen are supposed to be essential to the
well-being of a cell. Another essential condition of growth of tbese
organisms is the presence of water which is necessary in order to
keep the cells in a condition in which there will exist hydrostatic
pressure in the inside. Growth does not readily take place at a low
temperature, hut at a temperature of about 30° the conditions for the
growth of yeast cells are at their best. Penicillium glaucuin grows
best at a temperature of from 27° to 3fi°&, and is easily recognized,
in that it is of a very characteristic green color. Cells of differ-
ent moulds differ to a marked extent in their sensibility to poisons,
that is to substances which act r-s preservatives; some chemical pre-
servatives will kill certain cells while they will not f>n the least
affect others. It is because of this fact that preservatives do not
always prevent the spoilage of food. A great many different substance
have been used as preservatives at different times and with varied
success. Some substances which would otherwise be good preservatives
are injurious to the health in that they act r.s a sort of a poison
to the system. There are stringent laws against the use of certain
of these substances and unless these things can be proven to be non-
injurious to the body their use as a means of preventing the spoiling
of food will be at an end.
It is the desire in this paper to take up various so-called
preservatives and show to what extent they are useful. in preventing
spoilage, that is, to show how much of each should be added to a food
to prevent the formation cf moulds and to kill what moulds are alread;
present. It has long been known that sodium benzoate will retard fer-
mentation, as will also sodium salicylate, formaldehyde, and various
other chemical substances. Sulphurous acid is used to a great extent,
frequently by manufacturers to prevent the moulding of corn in corn-
c.
Ill
product plants. The amounts of these substances used in different
foods as preservatives have not been consistent with the the amounts
which should be added, and as a rule small amounts have been added
without knowing just how much was needed. Benzoic acid, it has been
found, is more affective in arresting fermen&tion than is salicylic
acid. According to M. Pouchet 1 from .05 to .06 of a grain is necessary
per litre of solution to retard at all the fermentation. Duckwall ,
on the other hand, says that used in the proportion of from 1 to 1
an l/2 grains per pound or pint of liquid the growth of moulds, yeast
and nearly all bacteria is prevented, while Eccles*- states that it is
used with effect in the proportion of 1 to 909. From these results it
is apparent that no very accurate agreement has been reached. The
preservative benzoic acid is at the present time widely used in the
preservation of such things as catsups, pulps., sauces, butters, jams,
preserves, meats, beers and wines.
Salicylic acid, according to Duckwall4 , is not only non-injur-
ious to the body in the proportion of one part in one thousand but
is also beneficial, in so far as it has a tendency to ward off in-
testinal diseases such as typhoid fever and cholera. Duckwall also
states that it is not added to foods so much for the purpose of
killing the bacteria as to prevent their multiplication. Some, he
says, it kills immediately, while it only somewhat retards the
5
growth of others. Eccles states that it is used in the proportion
of about about one grain per pound or pint of food or beverage, while
6
Thresh and Porter have put the amounts at 2 grains per pound of
(1) X. Ro
cques ,M Les Industries de la Conservation des Aliments"
Page 4S0.
(2) Duckwall's "Canning and Preserving" -p .250 (4) p. 231
(3) Eccles 1 "Food Preservatives"- pp. 40-41. (5) pp.3S-39.
(S) Thresh and Porter's "Preservatives in Food etc." p. 79.
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jam or 7 grains per gallon of "beverage. According to Mm. Robinet
and Pellet, .3 grams per litre retards fermentation, .5 grams per
litre is a powerful antiseptic , and 1.0 gram per litre actually
2kills the "bacteria. Rideal says, on the other hand, that it is
used in the proportion of from 4 to 8 grains per pound or pint of
liquid or jam.
Alcohol is claimed by nearly every investigator to be only a
weak preservative. Rideal says that one part in 30 will not kill
"vibrios" , but that one part in 20 will prevent putrefaction in
' 4beef- juice and in egg-albumen for 60 days. Weinitz has proved that
alcohol used in the proportion one part in three to one part in ten
will destroy the activity of non-organized ferments such as ptyalin
4
Thresh and Porter say that hours of time are required for alcohol
to destroy non-spore-bearing bacilli even when the alcohol used is
absolute. A small amount will arrest fermentation but as much as 5^
is necessary for a "still" liquor. Duckwall classes alcohol as a
substance feebly antiseptic, and says that it must be used in the
proportion of one to ten in order to be effective.
(1) . X. Rocques' "Les Industres de la Conservation des Aliment
Page 477.
(2) . Rideal' s "Disinfection and Preservation of Food" p. 273
[3>. " " " " p. 321
(4) . Thresh and Porter's "Preservation in Food etc*" p. 02
(5) . Duckwall's "Canning and Preserving" p. 205
,1
VThe general lack of agreement in the experimental work of
different investigators on the subject of preservatives, together
with the tact that the latter is of considerable importance to
commercial application, led to the following work on this subject*
the substances taken up in the experimental wofck were as follows:
1. Sodium salicylate;
2. Sodium benzoate;
3 . Sodium cinnamate
;
4. Ammonium cinnamate;
5 . Formaldehyde
;
Sodium sulphite;
7. Sodium borate;
8. Sodium fluoride;
9. Alcohol;
10 -Freshly-prepared sulphurous acid.
The latter preservative was taken up after having seen it
used at the Corn Products plant in Chicago with the curiosity of
knowing in what proportion it was necessary in order to be effective
in preventing the moulding of the corn.
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PART II- - EXPERIMENTAL.
In order to have a suitable media in which to test these diff-
erent preservatives a 5fo solution of dextrose was used, for it was
thou-rht that that would "be a fair example of the behavior of any
sugar solution such as jam or canned fruit. For the test solutions
solution
50cc. of a lofc dextrose Awas in all cases used, and to this rere
added the preservative solution and the mould; the solution was
then diluted to lOOcc, thus making the final concentration of
the dextrose 5%, The amounts of preservatives added were in each
case accurately noted and the time in which it took the moulds to
form was also carefully observed. Both yeast and penicillium glaucum
suspensions were used, alternately, to hasten the growth of the
moulds, and the solutions were placed in an incubator maintaining
a temperature of about 40°C These solutions were closely watched
and about every other day were taken out and examined.
Three general methods for testing the solutions were employed:
(1) The Iodoform Method- This method was used a great
deal at f trst, but it was found that it was a little too delicate
to gain a definite conclusion. The test was carried out as follows:
The test solutions were distilled with the use of salt, which tended
to distill over a greater concentration of of alcohol if present;
about lcc. of this distillate was taken and a couple of drops of
10$ sodium hydroxide was added to it; after heating this to about
70°C, a small quantity of concentrated solution of iodine was
added - a separation of yellow crystals of iodoform indicated the
presence of alcohol. Blank teste were run using .alcoholic solutions
of known strength and it was found that alcohol could be easily
detected when present to the amount of only 2 parts in 10,000. The

Vl±
test, therefore, is very delicate and even thouth there has been
practically noferrnentation taken place there would still he enough
alcohol present to get a frood iodoform test.
(2) Method involving the amount of carbon dioxide
evolved:- This method was used chiefly with the woek on alcohol.
The solutions were placed in fermentation tubes, subjected to a
temperature of about 40°c.,and the amount of carbon dioxide evolved
noted at the top of the tubes. When there was no longer an evolutioi
of gas, fermentation was proven to have ceased, since carbon dioxide
is always evolved during fermentation.
(3) Microscopic Method:- This is by far the most impor-
tant of the methods. Samples of each solution were taken out of the
flasks hy means of a pipette, and a drop of the solution to be
tested was pieced on a plate of the microscope. The condition of
the cells then could be easily noted, and by adding a little meth-
ylene blue to the plate the dead cells could all be iolored, while
the live ones would not be at all effected. When there were no
longer any cells, or when those which were already present were
in adeadened condition, fermentation was again proven to have
ceased.
(c) Use of Sodium Benzoate as a Preservative*
Table I :- The preservative solution was made of 25^ strength,
while the dextrose was made, sis in all the following cases, of
10/C strength, thus making its final concentration 5$. This set
of solutions was placed in the incubator November 17
Yeast was used as a mould*
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Flafek cc
.
dextrose
cc .pres-
ervative
Final
volume
Cone . of
preservative
Condition of sol-
ution — T)f»r» - 1
1 50 1 100
.25^ Uctl c^C gx OW bll
50 5 100 1.25 W tt
€% 50 10 1 or- 2 ^ omaii no. of cell
50 15 100 <-> « # M tt It »|
g 50 20 100 *J • VI No new cells but
old ones ttr<*
50 25 100 6.25 not dead.
Table II:- Yeast used as mould - Preservative solution 33 1/3 fs
strength. Solutions placed in incubator Jan» 16*
Flask
no
.
cc
.
dextrose
50
cc pres-
ervative
18
Final
volume
100
Cone* of
preservative
Condition of solution
Jan. 25
Very few cells
50 10 No living cells at a
50 21 100 7.0
From these results we find that at a concentration of from 6
to 6 l/2% of sodium benzoate, all the yeast cells are killed as well
as beinrr prevented from growing.
Table III:- Penicillium glaucum ueed as mould- Preservative solution
of 33 l/3 f strength. Placed away April 2.
Flafek
no
.
cc
.
dextrose
cc. pres-
ervative
Final
voir 1
Cone . of
preservative
Condition of solution
April 8
50 10< Large growth*
50 100 Few new cell
50 Verv ew n cells
4 iO 12 100 No jrrowth at all
50 18 100 6^ No growth; cells
all dead.
A concentration of about 4$ of sodium benzoate will therefore
prevent the growth of penicillium glaucum.

(b) Us© of Sodium Salicylate as a Preservative.
Table IV:- Yeast used as mould - Preservative solution made up to
33 l/3 fc. Set placed in incubator April 19.
Flask
no
.
cc
.
dextrose
cc. pres-
ervative
Final
volume
Cone . cf
preservative
Condition ofl solution-
April 19
1 50 100 Large growth and lots
» 50 100 of new cells.
3 50 9 100 3$ « m ti tt tt
4 50 12 100 ft h tt tt tt
5 50 IB 100 oaf tt it tt tt tt
a Ov O/t inr-JLUI oaf0/0 Growth of cells has
7 100 somewhat decreased*
8 30 100 lOfo tt ft tt
- ao 100 llf, No new cells but the
10 50 36 100 ion/
the old ones
are not dead*
More than 12^ of sodium salicylate is necessary in order to be
effective and then the yeast cells will not be killed, but just re-
tarded in growth.
Table V- Penicillium glaucum used as mould - Preservative solution
33 l/3 % strength - Set placed away April 2.
Flafck
no
.
cc
.
extrose
cc. pres-
ervative
Final volmme Cone of
preservative
Condition of sol
ution April 8
12 Large growth
100
50 too 3$
lC' r
50 24 100 8^
A concentration of more than 8/0 of sodium salicylate is nec-
essary in order to kill penicillium glaucum*

X(c) Use of Sodium Cinnamate as a Preservative*
Table VI:- Use of yeast as the mould - Preservative solution of
lfc strength - Placed in the incubator March 2fi
.
Flask-
no .
cc
.
dextrose
cc. pres-
ervative
Final
volume
Cone, of
preservative
Condition of solution
April 7
50 10 100 ilOfo A marked growth of
c,?i lVi,
50 JO 100 120 Small growth
IOC No growth
50 30 100 .30 No growth and cell
are all dead.
Table VII:- Use of penicillium glaucum as mould - Preservative
solution is again of if strength - Set placed in incubator Aptil 2
Flask
no
.
cc
.
dextrose
cc pres-
ervative
F -ial
volume
Cone* of
preservative
Condition of solution
April S
50 10 .If .11 growth of cell
50 20 100 No growth and old
on 1 00 cells are dead*
These results show that sodium cinnamate is very powerful as
a preservative. A concentration of only about .°5^ is necessary to
prevent the growth of and kill yeast cells, while a concentration
of only .1 to
.2f will kill penicillium glaucum*
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(d) Use of Ammonium Cinnamate as a Preservative.
Table VIII:- Yeast used as mould - Preservative solution of lfo
concentration. The set was placed in the incubator November 7.
Flask
no •
cc
.
dextrose
cc pres-
ervative
Final volume Cone* of
3reservative
Condition of sol
ution Nov 17
1 100 • 1/ JL/fl Large growth
nf* of 1 1 «
' " 5 100 .05 ff ft
oo
. 10 Growth is vory
4 50 15 100 * IS
small but cell
are not killed*
50 1 00 No growth.
6 50 25 100 • 2 l> No growth and
cells are dead.
Table IX:- Penicillium glaucura as mould - Preservative solution
was of same strength as above. Set was placed away March 26.
Flask
no
.
cc
.
dextrose
cc. pres-
ervativc
Final
p-olume
Cone* of pres-
ervative
Condition of sol-
ution April 17
1 50 in 100
.lofc Very small growth
r>f cellr, •
mo on• >vly No growth and
cells are dead*50 25 100 .25
4 50 30 100 .30 tt ft ff
5 50 40 100 .40 ft ft If
seen
It is Afrom above that the ammonium salts of cinnamic acid
act in mucJi the same way as preservatives as do the sodium salts*
Ammonium cinnamate added so as to mak e its concentration in the
food or beverage about .20$ will prevent the growth of, and kill
penicillium glaucum.

XII
Flask
no
.
cc
.
dextrose
cc pres**
ervative
Final
rolume
Cone* cf
preservative
Condition of solution
Feb* 10.
1 50 12 100 < Very faint signs
nf (rrnwt.h'
—
|
15 100 No new cells and
old ones look dark
O 18 100 No growth; cells tlea(
(e) Use of Formaldehyde as a Preservative.
The formaldehyde, after being standardized by Legler's Ammonia
process*, was made up to a concentration of 33 l/3 fo.
Table X:- Use of Yeast as mould . Set was placed away Jan. 24.
At a concentration of about 4 l/2 f then, formaldehyde will
kill yeast cells and it is therefore a more powerful preservative
than either sodium benzoate or sodium salicylate.
Table XI:- Use of penicillium glaucum as mould. Placed away April 21
Flask
no
cc
.
dextrose
cc pres-
ervative
Final volume Cone, of
preservative
Condition of so
ution April 27
50 100 if Large growth of
eel 1 s»
50 15 100 Small growth
ion
50 24 100
No growth;
cells are dead
These results show that at a concentration of about 5 l/2 f,
formaldehyde will destroy penicillium glaucum.
(1) Sherman's "Organic Analysis'1 Ed. II.
-p, 47.

(f). Use of Sodium Sulphite as a Preservative.
The solution was made up to a concentration of 33 l/3$.
Table XII:- Yeast was used as a mould. Solutions were placed in the
incubator January 24.
Flask no , cc
.
dextrose
cc. pres-
ervative
Final
volume
Cone . of
preservative
Condition of sol-
ution Feb. 10
1 50 30 100 Good growth of
cells.
2 50 O r> 100 Very, few cells.
3 50 36 100 12$ No growth; no live
cells
.
At a concentration of about 12$ then, sodium sulphite prevents
the growth of yeast cells and kills those already present.
Table XIII:- Penicillium glaucura used as a mould. Solutions were made
up April 1.
Flask
no •
cc
.
dextrose
cc
.
pres-
ervative
50 18
50 24
50 30
50
Final
volume
100
100
100
100
Cone, of
preservative
of.
10%
12?c
Condition of solution
April 27.
Larq;e growth; new
cells and apparently
none destroyed.
At a concentration of about 12$ penicillium glaucum are thus
seen to be still thriving; this fact tends to 'prove that different
bacteria are affected very differently by different preservatives.
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(g) Use of Sodium Borate as a Preservative.
Table XIV:- The preservative solution was made up to a concentration
of 25fc, and the solutions were placed away Jan. 24.
Yeast was used as a mould.
Flask
no
.
cc
.
dextrose
cc. pres-
ervative
Final
volume
Cone, of
preservative
Condition of solution
Feb • 10
•
100
.00v Faint signs of cells*
6.25 No living cells at al
50 30 100 7.50^ No living cells at al
Sodium borate as a preservative, then, is good at a concentration
of about 6 1/2 since at this temperature it will kill yeast cells.
Table XV:- The preservative solution, in this case was made up to
a concentration of 33 l/3 fo - penicillium glaucum was used as mould
•
The solutions were placed away April 21.
Flask
no
.
cc
.
dextrose
50
cc pres-
ervative
IS
Final
volume
100
Cone, of
preserve tive
6^
Condition of solution
April 27
Quite a larcre growth
1 n n
30 100 10
50 36 100 12fc No growth; no living
cells
•
The concentration of sodium borate necessary to kill penicill-
ium glaucum is thus seen to be higher than that necessary to kill
yeast cells. A concentration of from 10 to 12$ will prevent the
growth of penicillium glaucum.
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(h) Use of Sodium Fluoride as a Preservative*
Table XVI:- Yeast used as a mould; the preservative solution was
made up to concentration of 33 l/3 76, as in the other cases.
The set was started January 24
•
Flask
no
.
cc
.
dextrose
50
50
cc pres-
ervative
30
30
Final
volume
100
100
100
Cone, of
preservative
10f
127
Condition of solution
Feb. 10.
Quite a lar^e growth
Growth much smaller
No growth and no living
cells
.
Sodium fluoride is thus seen to be about as effective as the
borate, both requiring a concentration of about 12f$ to destroy the
cells of the yeast mould.
Tenicillium used as mould.
Owing to the ease which sodium fluoride crystalizes in solutiojp.
it was impossible to get accurate results with this salt. A solution,
however, containing about 10fo sodium fluoride was quite accurately
prepared and set away froip April 21 to 27. This solution, when ex-
amined, was found to contain no growing cells, so the necessary
concentration lies somewhere between 5 and lofo.
\
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(i) Use of Alcohol as a Preservative*
Experiments with alcohol were made both with the microscope and
with the use of fermentation tubes. The tubes were filled and set
away at a temperature of about 40 C, and examined by means of noting
the amount of carbon dioxide in the top of the tubes.
Table XVII:- 95^ alcohol was used, and the set of tubes were placed
in the incubator January 24.
Tube
no
.
cc
.
dextrose
cc. pres-
ervative
Final
volume
Cone • of
preservative
Condition of solution
February 10
•
10 6.05 20 one* No marked evolution
of C02 , but living
yeast cells are de-
tected by microscope*
« n tf
10 6.70
JLU 20
10 9.00 20 OO Jo
5 10 1(1.50 20\5 40?
From these results we conclude that enen at a concentration of
40f. the yeast cells are not killed. Their growth, however, is proven
to have stopped by the fact that the evolution of gas had ceased.
Table XVIII:- 95^ alcohol was here also used - yeast was used as
mould. Each ingredient was boiled in order to get out all of the
mechanically enclosed carbon dioxide.
Tube
no
.
cc
.
dextrose
10
10
10
cc. pres-
ervative
.104
.27t
.7
Final
volume
20
10
20
Cone, of
preservative
.4 of.
10. 0**
Condition of solution
after S days
1.6 cc. CO2
1.3 " "
7"
.01"
.01 tt ti

XVII
Evolution of cartoon dioxide and, therefore, fermentation is
seen to go on at a rapid rate as long as the concentnation of the
alcohol is below that of about 5%, but as soon as this concentration
has been reached, or a concentration somewhere between 5 and sf,
fermentation suddenly ceases, as is proven by the comparative absence
of carbon dioxide in the last two tubes which contain alcohol in
greater amounts than 8$.
Table XVIII:- Penicillium glaucum used as mould. The concentration
of the r.tock solution of alcohol was the same - set was placed
away ! larch 26.
Flask
no
.
cc
.
dextrose
cc pres-
ervative
Final
volume
Cone* of
preservative
Condition of solution
After S days.
1 .66 1000 Very large growth*
o 50 1.32 100 1 tt « ft
It tf tt
100 5 tf tt ft
5 50 10.52 100 Growth has ceased but
the old cells were not
destroyed; no living one100
The penicillium glaucum mould is thus seen to be much more
easily affectdd by alcohol than are the yeast cells. At an alcoholic
concentration of about 12fo the former moulds are destroyed.

(j) Use of Freshly—prepared Sulphurous Acid, as a Preservative 4
Freshly made sulphurous acid was made by passing sulphur diexid
thru cold water, and the resulting solution was titrated and found
to contain 14.84^ sulphurous acid. This solution was used in the
following experiment.
Table XIX:- Use of yeast as mould. Solutions were made up April 28*
Flask
no •
cc
.
dextrose
cc. pres-
ervative
Final
volume
Cone* of
preservative
Condition of solution
Hay 3
^0.22 'owth 'He
1 no
50 33.70 100 53of. o growth, but cells
were not t ostroyed.
A concentration of more than 5^ could not be reached with the
solution of sulphurous acid which had been obtained, but at that
concentration the yeast cells were not very greatly affected, althoun
the growth itself was almost entirely prevented.
Table XX. Use of penicillium as mould. Solutions were made up April £fe
Flask
no
.
cc
.
dextrose
50
cc pres-
ervative
20.22
;
Final
volume
100
Cone* of
preservative
3fc
Condition of solution*
May 3
uit< larce growth
Ho growth but cells
are still livii
Iso livii/- cells
no
The penicillium mould is more easily destroyed hy the sul-
phurous acid than are the yeast cells; a concentration of from
3 to 4 seems to prevent the growth of any of the former.
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PART III - CONCLUSION.
From the above work it is evident that the sodium and ammonium
salts of cinnamic acid are by far the most affective as preservative
of all those which were studied. In fact they are about 20 times
more affective than their nearest rival, formaldehyde. There is not,
as far as is known, any danger in using; small amounts of these salts
so there is no reason whjr sodium and ammonium cinnamates should
not be used to a great extent in the future as - preservatives.
Sodium salicylate, sodium borate, sodium fluoride and sodium sulphit
on the other hand, do not seem to be very advantageous, due to the
fact that so much of each is required to accomplish the necessary
results
.
The amounts of each of the preservatives which were found to
be necessary per lOOcc. of bf- dextrose in order to prevent fermen-
tation are given below:
Yeast Penicillium glaucum
Sodium Salicylate greater than 12^ greater than 8%
Sodium Benzoate 6fo to 6 l/2 <?< 4.r
Sodium Cinnamate .25 fo . 1 to »2f
Ammonium Cinnamate .2 fo .2 fo
Formaldehyde 4.5 fc 5.5
Sodium Sulphite 12.0 ^peater than 12<
Sodium Borate 6.5 % 10 - 12$
Sodium Fluoride 12.0 % 5 - 10^
Alcohol Retards at '5-8$ 12 <
Sulphurous Acid Retards at 5 ft 3 - 4$.
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